BACKGROUND: Chinese American men smoke at a high rate, which puts household nonsmokers at risk. The objective of this study was to evaluate the effectiveness of a brief-intensity versus moderate-intensity smoke-free-living educational intervention for household pairs. METHODS: The authors conducted a randomized controlled trial of Cantonese-speaking Chinese American smoker and household nonsmoker pairs in San Francisco, California. Pairs were randomized to moderate-intensity or brief-intensity group sessions with their household partner. The moderate-intensity group received 2 group sessions, a laboratory report of their baseline smoke exposure, as measured by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), and 3 follow-up calls over 6 months. The briefintensity group received 1 group session on tobacco-cessation resources. Primary outcomes were biochemically validated, pastmonth smoking abstinence and elimination of nonsmoker household exposure at 12 months. RESULTS: Participant pairs (n 5 203) were male smokers, one-half of whom did not intend to quit within 6 months, with mostly female spouses as household nonsmokers. Approximately three-quarters of nonsmokers in both groups already had smoke-free home rules. At 12 months, smokers in both groups had similar biochemically validated 30-day abstinence rates (moderate-intensity group, 0%-20.7%; brief-intensity group, 0%-20.0%; P 5 .002 over time). More smokers in the moderate-intensity group used subsequent cessation group classes (moderateintensity group, 50%; brief-intensity group, 24%; P 5 .004). Household nonsmokers in both groups had similar biochemically validated rates of no home exposure (moderate-intensity group, 24.5%-42.2%; brief-intensity group, 24.8%-33.3%; P 5 .0001 over time). CONCLUSIONS: A moderate-intensity smoke-free-living educational intervention for Chinese-speaking household pairs was not more effective than a brief-intensity intervention for smoking abstinence and elimination of household nonsmoker exposure. Abstinence rates were similar to those achieved with standard group counseling. Cancer 2018;124:1590-8.
INTRODUCTION
Smoke-free policies, based on the finding that secondhand smoke harms others, encourage smokers to quit and protect nonsmokers from exposure.
may not focus on cessation outcomes of the adult caregiver/ parent. 5 To date, an intervention that emphasizes smokefree living and demonstrates smoke exposure levels for household pairs has not been developed and tested.
We tested the effectiveness of a brief-intensity versus moderate-intensity smoke-free-living educational intervention for Chinese Americans, a population that may optimize results for feasibility and efficacy. Chinese culture is considered more collectivist than individualist 6 and may be particularly responsive to the belief that secondhand smoke harms others. Cantonese-speaking men have the highest smoking rates among California Chinese Americans (21.7% vs 14.2%). 7 Smoke-free home rules are associated with California Asian Americans, especially recent immigrants, being former smokers. 8 Chinese American women have low smoking rates but are at risk for secondhand smoke exposure. 7 Lower educated Chinese women report more exposure at home and work than higher educated Chinese women, despite similar rates of smoke-free policies. 9 Our qualitative study of Cantonesespeaking Chinese American smokers and household nonsmokers demonstrates that culturally nuanced strategies for equipping both to become smoke-free are needed. 10 The objective of this study was to compare briefintensity versus moderate-intensity smoke-free educational interventions among Chinese American smoker and household nonsmoker pairs for biochemically validated smoking abstinence and household nonsmoker exposure elimination. This trial is registered at clinicaltrials.gov as (National Clinical Trials identifier NCT015 92682).
MATERIALS AND METHODS

Community-Academic Partnership
By using a community-based participatory research approach, 11 we partnered with Chinatown Public Health Center (CPHC) in San Francisco, a trusted, communitybased clinic for over 40 years that serves approximately 6000 predominantly Cantonese-speaking Chinese Americans. CPHC and the academic team began its partnership in 2005 through the Asian American Network for Cancer Awareness, Research, and Training. Bilingual and bicultural staff from the CPHCs Health Education Department served as research staff. CPHC was a full partner in designing the study, co-developing the intervention materials, leading the recruitment, implementing the trial and data collection, and evaluating the data.
Study Design
The randomized controlled trial was conducted at CPHC from December 2012 to April 2015 in San Francisco, California. CPHC staff recruited pairs of smokers and household nonsmokers through local clinics, communitybased organizations, classes for English as a second language, and Chinese media. Eligible pairs were randomized by a computer program to either the moderate-intensity group or the brief-intensity group after the pair attended the first study session, where CPHC staff also obtained informed consent.
The moderate-intensity group pairs received two 90-minute educational sessions over 3 months, individual laboratory reports of baseline tobacco exposure, a bilingual booklet that summarized the educational materials and included self-reflection questions, and 3 individual follow-up calls (<15 minutes) over 6 months. The briefintensity group pairs received 1 hour of education. The educational sessions primarily consisted of PowerPoint presentations and group discussions delivered by the CPHC health educator. All participants received a project magnet with scheduling information. For equity, after the final assessment, the brief-intensity group received delayed moderate-intensity education and materials. Because of limited resources, participants did not receive a second laboratory report after their 12-month assessment but could call for results. Also, pharmacotherapy was not provided. Human subject approval was obtained by the Institutional Review Board of the University of California-Davis.
Concerning the power of the study, we could not identify any published studies on partner support 12 based on secondhand smoke concerns for adults. Thus, we based the effect size on a social support intervention for smokers that compared a "buddy" social support (three 90-minute group meetings with 2 follow-up calls) versus a nocontact control group that reported a significant difference in smoker point prevalence abstinence at 6 months (19% intervention and 6% control). 13 On the basis of that study, with a Type I error rate of .05, a 2-tailed Fisher exact test, and a power level of .80, we estimated a desired sample size of 240 pairs. intensity group session was about "Becoming SmokeFree," including health harms of smoking and exposure to secondhand smoke, Chinese smoking behavior, and common beliefs. The second moderate-intensity group session was about "Creating Smoke-Free Living Together," including smoke-free environment information, tips for supporting a smoker (eg, positive communication and actions with smokers who were thinking of quitting or ready to quit), and cessation resources (talking to a physician about medications and using counseling with CPHC group classes or the state quitline's Chinese-language line). This second session also explained and presented the pair's individual laboratory reports, as developed in previous focus groups. The brief-intensity session stated that the program goal was for the household pair to become smoke-free together, but it focused on cessation resources.
Participants
The inclusion criteria included being a Chinese American adult pair, with a current male smoker (for generalizability) and a household nonsmoker. There were no restrictions on the relationship characteristics for the pairs, because we were more interested in reflecting the range than the type of relationship. To maximize participant retention, each participant received $60 cash incrementally ($10 at baseline, $20 at 6 months, and $30 at 12 months) upon completion of the assessments. Participants were considered lost to follow-up after 5 telephone attempts.
Measures
Surveys were conducted for both smokers and nonsmokers before the first session, at 6 months by mail, and at 12 months. Sociodemographics included age, sex, marital status, acculturation measures (years in the United States, English-language proficiency), education level, employment, and relationship type. Knowledge included health harms of secondhand smoke exposure for different diseases. Attitudes included perceptions of smoke exposure as harmful to the smoker or nonsmoker, whether treatment could help a smoker quit, the self-efficacy of maintaining a smoke-free environment, and whether ventilation could help. Other tobacco-related measures included smoke-free home or car rules, tobacco behavior (readiness to quit, cigarette consumption), nonsmoker's past-month exposure, and the number of household smokers or nonsmokers.
Laboratory Analysis
Urine was collected at baseline and 12 months to measure levels of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), which is a tobacco-specific carcinogen metabolite that reflects exposure over the past 1 to 2 months. 16 Participants were asked to provide 10 to 20 mL of urine, which was stored in a freezer at 2208C. Samples were analyzed using liquid chromatography-tandem mass spectrometry at the University of California-San Francisco and included creatinine (Cr) to correct for hydration status. 16 Biochemical validation levels for NNAL/Cr were defined at 0.25 pg/mg (lower detection limit 16 ) for nonsmoker elimination of exposure and <40 pg/mg for smoker abstinence (per population-based values 17, 18 ).
Statistical Analysis
The main outcome measures were biochemically validated past-month smoker abstinence and nonsmoker elimination of smoke exposure at 12 months. Comparisons of study arms were evaluated with 2-sided Fisher exact tests or 2-sample t tests (or Wilcoxon-MannWhitney tests if data were not normally distributed) and 2-sided McNemar tests or t tests for paired data (or Wilcoxon signed-rank tests if data were not normally distributed). A generalized linear mixed-effect model (randomeffects logistic regression model, random-effects proportional odds regression model, and random-effects Poisson regression model) were used to fit the repeated-measures binary, ordinal categorical, and count data, respectively. All analyses were based on an intent-to-treat and were conducted with using the SAS statistical software package (version 9.4; SAS Institute, Cary, NC); statistical significance was assessed at the .05 level (2-sided).
RESULTS
Participants
A Consolidated Standards of Reporting Trials (CON-SORT) diagram of the current study is provided in Figure  1 . The study enrolled 205 pairs who were randomized either to the brief-intensity group (n 5 110) or the moderate-intensity group (n 5 95). The retention rate was 98% at 6 months and 94% at 12 months. For the final analysis, we analyzed 203 pairs, because 2 smokers were deemed ineligible. Table 1 indicates that smokers had a mean age of 53 years, had lower education levels, preferred speaking Cantonese, had lived in the United States for an average of 11 years, and mostly spoke English "not too well/not at all." Nonsmokers were almost all women, had a mean age of 50 years, had lower education levels, preferred speaking
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Cantonese, had lived in the United States for an average of 9 years, and mostly spoke English "not too well/not at all." Nonsmokers were mostly spouses, but 10% reported a parent/child relationship. Table 1 lists baseline knowledge and attitudes. Although most participants reported a smoke-free home rule, smokers reported this less often than nonsmokers. Less than one-third reported a smoke-free car rule. More nonsmokers than smokers believed that smoking was harmful to smoker and nonsmoker health. Although over one-half of smokers thought that treatment could help smokers quit, approximately three-quarters of nonsmokers believed so. Most smokers reported that they could keep a smoke-free home environment, but nonsmokers reported this less often. Almost two-thirds of smokers and nonsmokers thought that ventilation could help keep a smoke-free environment (however, this is not supported by evidence 1 ). About three-quarters of smokers and over one-half of nonsmokers knew that secondhand smoke causes disease. Table 2 indicates that about three-quarters of smokers were daily smokers (average, 11.9 cigarettes per day). Among the remaining one-quarter of smokers, nondaily smokers reported smoking less than one-half of the month (average, 11.8 days), with an average of 4.8 cigarettes per day. Approximately one-half (54.2%) of smokers intended to quit within the next 6 months (within 30 days, 27.8%), and 11.4% never expected to quit. Almost all smokers reported smoking outdoors, and 11% reported smoking inside the home. Smokers in both groups had similar self-report rates of past-month abstinence at 6 months (18%) and 12 months (23%), which significantly increased across time (P < .0001). Smokers in both groups who continued to smoke significantly reduced their consumption (P < .0001) and significantly increased the number of past-year quit attempts (P < .0001); the proportion that never expected to quit decreased (from 11% at baseline to 6% at 12 months). Similarly, fewer smokers reported not having tried quitting in the past year (from 25% at baseline to 11% at 12 months). Smoking declined in both groups at home (P 5 .0008), in the car (P 5 .0093) and outside (P < .0001), but not at work.
Knowledge and Attitudes
Smoker Behavior
For quit strategies, one-half of smokers reported reducing cigarettes, and less than one-third cited not using any help. The proportion of smokers who reported getting help from the household partner to support quitting doubled in both groups at 6 months (from 13.8% to 27.3%; P 5 .0005), but this effect was attenuated by 12 months (17.2%). More smokers in the moderateintensity group reported using the CPHC cessation class (moderate-intensity group, 50%; brief-intensity group, 24%; P 5 .004), a significant increase compared with 7% at baseline (P < .0001). Smokers in both groups doubled their use of self-attained nicotine-replacement therapy (from 3.9% to 10.4%; P 5 .002), and there was a trend for increased provider assistance (from 3.0% to 7.6%; P 5 .08). Although the state quitline was promoted in both groups, only 2.5% used it.
Household Nonsmoker Behavior Table 3 reveals a doubling in the proportion of nonsmokers in both groups who reported no exposure (P 5 .003) and a reduction by over one-half for those who reported home exposure (P < .0001). Three-quarters of nonsmokers already had smoke-free home rules, with no significant change over time. Nonsmoker exposure elsewhere (car, work, outdoors) and rates of smoke-free rules (car, work) did not change significantly over time. There was a significant reduction in trying to eliminate household smoke for both groups (P 5 .01). Sixty-two percent of nonsmokers said that they used reminders to support the smoker, but only 10% reported doing more activities together. Table 2 indicates that smokers in both groups had similar biochemically validated, 30-day abstinence rates at 20%, a significant increase from baseline (P 5 .002). The median NNAL/Cr level for smokers decreased in the moderate-intensity group and increased in the briefintensity group, but this was not significant. Table 3 shows that nonsmokers in both groups had similar biochemically validated increases for no home exposure, which was a significant increase from baseline (P 5 .0001). The median NNAL/Cr level for nonsmokers decreased in both groups, but this was not significant.
DISCUSSION
The current study indicates that Cantonese-speaking Chinese American household pairs receiving brief-intensity or moderate-intensity smoke-free living education had similar rates of smoking abstinence and elimination of household nonsmoker exposure. However, this study compared intervention intensity and was not designed to assess whether smoke-free education is more effective than none at improving outcomes. The long-term cessation outcomes are similar to those obtained with standard group counseling programs, such as the American Lung Association's "Freedom From Smoking" group program (19% quit rates at 12 months vs <10% self-help). 19 For this community, bringing in a household nonsmoker for support and acknowledging secondhand smoke health harms may be a very powerful community-based program with which to initiate and sustain abstinence.
Few studies have used household members to assist Asian smokers to quit. One study 20 examined the impact of brief physician advice (vs usual care) to nonsmoking pregnant women in Guangzhou, China, to tell their husbands to quit. Although more husbands attempted to quit smoking in the intervention group (30% vs 22%; P 5 .02), quit rates were low at 6 months (6.6% vs 4.2%; P 5 .26). 20 Another trial in China indicated that a familyassisted, motivational interviewing intervention (4 sessions) had higher rates of past-week smoker abstinence at 6 months than an individual-based intervention. 21 A social-network, family-assisted intervention (2 group sessions and 2 follow-up calls) demonstrated that Chinese and Vietnamese American smokers had a 30-day abstinence rate of 24% at 3 months. 22 Our study is consistent with these findings, indicating that engaging a household member with small group sessions may boost smoking-cessation efforts and may improve elimination of household nonsmoker exposure.
The increased intensity of the intervention may not have been more effective for cessation, because almost one-half of the smokers were precontemplative, but moderate-intensity smokers did use cessation resources more than brief-intensity smokers. Twice as many smokers in the moderate-intensity group versus the briefintensity group attended subsequent CPHC smokingcessation classes (50% vs 24%; P 5 .004). This was a significant increase from 7% at baseline but may reflect some selection bias, because participants already had attended group education at CPHC. Both groups significantly increased reports of using nicotine-replacement therapy, although this amounted to only 10%. Health care access for medications is an unlikely barrier, because the "Healthy San Francisco" program operated by the county (which operates CPHC) provides low-cost health insurance regardless of immigration or employment status. Possibly, participants' light smoking behavior, which is common among California Asian Americans, 23 made it less crucial to use medications. Quitline use rates were low but reflect the general population rates for smokers, including those using the Asian language lines. 24 The 6-month abstinence rates for the Chinese-language quitline were lower than those in our current study (14.8% telephone counseling vs 6.0% self-help). 25 Future interventions should consider having the household nonsmoker initiate a call, because Asian-speaking proxies (family or friends) represent the highest proportion of proxy calls. 26 Few studies empower adult household nonsmokers to reduce their smoke exposure. One trial in China taught pregnant women to advocate for smoke-free homes and led to less smoke exposure, which was biochemically validated by hair nicotine levels. 27 Although many California Chinese American female nonsmokers report smoke-free home rules, enforcement is important, because lower educated nonsmokers reported higher rates of anyone ever smoking inside. 9 This may explain why, despite the high rates of smoke-free home rules (75%), more nonsmokers reported no home exposure by the end of our study. Greater nonsmoker knowledge about health harms is associated with assertive Asian American nonsmoker behavior for smoke-free environments. 28 Knowledge about secondhand smoke harms may not be enough, as demonstrated with the Health Belief Model, 14 and future interventions could tailor actions toward more precontemplative 15 smokers and might integrate more social support based on Social Network Theory. 29 For example, a social-network, family-focused intervention leverages relationships across pairs recruited for group sessions to take actions based on the smokers' readiness to change. 22 The NNAL laboratory report as biomarker feedback is a novel use of what has been used mostly in research laboratories. Other modalities, like air monitoring, may not provide individual-level health information, and other tobacco biomarkers (cotinine, carbon monoxide) may reflect too short a time period. Providing urine samples was highly acceptable to our Chinese participants, because it was noninvasive. In future, repeated biomarker feedback might demonstrate the limitations of reducing smoking as a cessation strategy and provide continued motivation for household pairs. It is noteworthy that Chinese smoker profiles for NNAL were 4-fold lower than those in US smokers but were up to 4-fold higher for polycyclic aromatic hydrocarbon metabolites; this reflects country differences in cigarette tobacco blends and manufacturing processes. 30 We did not ask participants about the type of cigarettes used, but cigarettes from China are widely available in San Francisco. Further work is needed to determine how such reports may be integrated into clinical care.
Limitations of this study are that we did not have an attention control group, although this would have been more difficult to justify recruiting smokers. We specifically wanted to compare the intensity of education, because this was most useful for the community partner's health education program planning. We had all pairs participate with the questionnaire and laboratory assessments to minimize this measurement aspect of attention bias rather using than a no-contact control group. Although there could be potential for contamination, all participants were asked at the initial session not to share their materials or experience with others. Our study may not have had sufficient power to detect significant differences in abstinence, because we did not recruit our initial goal of 240 pairs, but it was not similar in design to the "buddy support" study. 13 
Conclusion
Our study demonstrates that a moderate-intensity smokefree educational intervention for Chinese-speaking household pairs was not more effective than a brief-intensity intervention for long-term smoking cessation and elimination of household nonsmoker exposure. Abstinence rates were similar to those attained with standard group counseling. Strengths of this study include the randomized controlled trial study design, high retention rates, and biochemical validation. The community-academic partnership was key in developing culturally acceptable educational materials and in recruiting and retaining community participants. Future studies may evaluate similar smoke-free living interventions for China, which has the world's largest number of smokers, 31, 32 or for other Asian American groups.
